Objective-To assess the effect of each of the components of the national capitation funding formula-population projections and age and mortality weighting-at regional and district level.
Introduction
Capitation funding, whereby health authorities receive NHS funds on the basis of the relative size and composition of their resident populations, is one of the distinguishing characteristics of the reformed National Health Service, although it has existed for much longer. ' The main focus hitherto in the debate on capitation funding has been on the appropriate adjustments for mortality (taken to be a proxy for morbidity) and for social deprivation.5 Less attention has been paid to the impact of population projections and age weights. This paper assesses the contribution of each of the three main elements in the national formula-population projections and age and mortality weights-to the changes implied by capitation targets.
Elements in the formula
The age-cost weights used in the national formula for hospital and community health services (table I) indicate relatively high expenditure at birth and on each of the elderly age groups, especially the over 85s, whose average spend is over C2000 a year. Sexes are not weighted separately. Since the average overall spending on these services was 1308 a head per year, births and the over 85s cost five to seven times that average.
The weights6 are based on the national average age-use profiles of 29 programmes7 and apply to the whole hospital and community health services budget. The 1993-4 age-cost weights, used in this analysis, average the three years 1988-91.
Mortality adjustment-The RAWP formula adjusted populations for morbidity by using disease specific standardised mortality ratios to give "need weighted populations." In 1987, on the basis of multivariate analysis of differences in hospitalisation rates, a national review suggested that the mortality adjustment should be based on the square root of the all cause standardised mortality ratio and that the relevant standardised mortality ratio should be that for the population aged under 75.' These suggestions were incorporated into the national formula for weighted capitation.
The national capitation formula takes some account of random variation by using five year standardised mortality ratios and three year average age weights.7 BMJ VOLUME 307
Since regions contain 2-5 million residents the level of random variation to be expected in applying age-cost or mortality weights is relatively small. The greater level of random variation in mortality to be expected in districts, which typically have populations of 250 000-500 000, has generated considerable debate.9'2 The variations likely to be associated with particular age groups have received less attention.13 Design and methods This study replicates the core elements of the national capitation formula by combining publicly available data on projected populations by age group with age and mortality weights at both regional and district levels. Although use of the publicly available data necessitates some slight departures from the national method, these are small enough to enable the broad effects of capitation weighting to be assessed. The national formula requires data on three elements: (a) mid-year population projections by age group for the year of allocation,' (b) application of age-cost weights to that population by age group, and (c) adjustment of the total population by the square root of the all cause standardised mortality ratio for people aged under 75.
The public health common dataset provides estimates of mid-year 1991 populations by age group with similar projections for 1997. '4 Although these six year projections refer to a slightly longer period than the five year planning horizons of most regions, they indicate the likely scale of population changes.
The age-cost weights shown in table I were applied to each age group for 1997 and the resulting expenditure aggregated. The share of each health authority in total expenditure was used to drive an age weighted population, which, although the same at national level (mean change 0), shows differences at subnational levels.
The public health common dataset also provides data on several all cause standardised mortality ratios by regional and district health authority: that for all ages, for under 15s, for the 15-64 age group, and for the over 65s. Given the lack of a measure relating specifically to the population under 75, the all age, all cause standardised mortality ratio was used. Mortality weights were derived by taking the square root of this ratio. As with the age weights, the mortality weighted population was identical with the projected 1997 population at national level (mean change 0) but not at subnational levels.
Since the share of national population in each region and district, rather than absolute population size, determines capitation targets the changes in shares due to the various elements were calculated relative to 1991 shares.
Results

OVERALL EFFECTS
Regional level-The application of these various weights to the projected 1997 populations resulted in considerable changes at regional level (table II) , with a mean change of zero on the 1991 population and a range from -9% (North West Thames region) to 6% (South Western region). Population projections accounted for slightly less of the projected changes (mean 0, range -3 to 4%) than age weights (mean 0, range -6% to 7%) or mortality (mean 0, range -4% to 7%). Since the changes implied by each component tended to offset each other in most regions, the range of their combined effects was only slightly greater than that for each component.
District level-Although the mean change nationally was 0, much greater swings occurred at district level, with losses of up to -17% and gains of up to 28%. Table III shows the projected changes in share of national weighted population compared with 1991 for the top two overall gainer and loser districts in each region. A few districts gained by over 20%, though none lost by more than 17% (Haringey and Hampstead). Overall 99 districts were losers and 87 gainers. All regions except one had some gainers and losers, but two (Northem and South Western) had only three losers. By contrast, all the districts in North West Thames and all but one in North East Thames were losers. The widest spread of losers and gainers was in South East Thames (-15% to 28%) and South West Thames (-14% to 27%).
POPULATION PROJECTION EFFECTS
Population projections had a very different pattern from the total change, with many of the districts which were large gainers in total capitation projected to lose on the population projection element. The range of change in projected population share was from -16% to 31% around a mean of zero. Largest projected increases were for the "new towns" of Milton Keynes and Huntingdon. The largest losers included older urban areas such as North Manchester, Central Manchester, Liverpool, Hull, Haringey, and Hampstead. Table III shows the effects due to age-cost weights. The mean change was 0, with a range of -20% to 30%. Some districts lost heavily due to age weighting, including towns such as Milton Keynes and Huntingdon which were projected to have large total population increases. Projected population increases in these districts were mainly in the younger age groups, which had relatively low age-cost weights.
AGE-COST WEIGHTS
All regions had gainers and losers, with a strong tendency for the gainers to be seaside resorts (because of their high proportion of retired people) and the equal to 0 and ranged from -/9% to 14%. The losers inner cities. northern districts tended to gain owing to their raised relative mortality compared with the south. Against MORTALITY WEIGHTS this trend, several of the inner London districts had The effect of mortality weights is also shown in table raised mortality and hence gained due to this weight-III. The mean contribution of mortality weights was ing. BMJ VOLUME 307THE OVERALL GAINERS Overall, however, although the seaside resorts tended to lose on the mortality weighting, the loss was much less than the gains due to the age weights, so that they emerged as the major gainers.
Discussion
Disaggregating the components in the national capitation formula shows complex interactions between the three main elements, leading to much larger swings at district than at regional level. The range of these swings was -17% to 28% at district level but only -9% to 6% at regional level. Regions which included inner city and seaside resorts tended to have the widest range of gainers and losers.
The combination of relatively large gainers and losers within certain regions seems likely to pose problems with pace of adjustment in these regions. The magnitude of the changes suggests that some degree of discretion will continue to be required in the capitation funding of districts.
AGE-WEIGHTS
Since age weights accounted for the bulk of the total gains in those relatively few districts with large gains, the robustness of the estimation of these weights deserves particular attention. As the age weights imply that about 20% of total capitation funding goes to the over 85s, with over 50% of total funding to the over 65s, the importance of the elderly is clear.
Although these age weights have been routinely reported in Department of Health publications,6 the calculations on which they are based have received little attention.' Apart from problems about the degree to which they are based on the appropriate units (for example, admissions or bed days) and the quality of the data (particularly in relation to unit costs), the interface between the NHS and other services also requires attention. In particular, pattems of service use among the elderly are likely to be affected by the availability of nursing and residential home places.
POPULATION CHANGES
Furthermore, the impact of selective migration by the elderly on population health requirements in both home and host districts remains unclear. The use of the under 75 all cause standardised mortality ratio could mitigate such effects, but to an unknown degree. In general, much more remains to be known about the actual and the most appropriate pattems of service use by elderly people not only of NHS services but also of services provided by local authorities, voluntary agencies, and the private sector. The scope for discretion by regions to allow for such variations without appearing to be biased remains to be determined.
Population projections also played an important part in the total projected changes. What matters is not only the total projected population of each district but also that of each of the age groups. The highest age-cost weights apply to two relatively small groups, births and the over 85s, each of which amount to about 750 000 people nationally, or 3500 in each district. Greater imprecision inevitably surrounds projections for such relatively small groups than for the total population, an imprecision which is then magnified by the high age weights attached to these groups.
ADJUSTING FOR MORTALITY
Despite the intense debate over the use of a mortality adjustment in the capitation formula, it had much less impact than either the population projections or the age weights. The use of the square root of the standardised mortality ratio rather than the full standardised mortality ratio has the effect of attenuating the mortality weight by around half. The case for the use of the square root of mortality, which was based on large scale analysis of hospitalisation rates by electoral wards in six regions, '5 16 has, however, been subject to considerable criticism. '7 
Conclusions
The robustness of the methods used to derive projected capitation populations requires re-examination to ensure that changes of the magnitude shown here are well founded. The intensity of the debate over the adjustments for mortality and social deprivation may well reflect unease the scale of change, although it is the application of age-cost weights to projected populations that accounts for the bulk of the change in those districts projected to gain or lose the most. The worry must be that unless the age-cost weights are well founded their application could lead to much larger swings in funding than those associated with the workings of the intemal market. Such large changes in funding could have irreversible effects, such as the closure of units.
More research is required on the health needs and associated costs of the elderly, particularly the over 85s, including pattems of selective migration and interfaces with other types of care such as nursing and residential homes.
Finally, since a level of uncertainly surrounds estimation of each of the elements of the capitation formula, the formula should be used only with caution and over the shorter term. Although the use of five year standardised mortality ratios and three year age weights reduce some of the uncertainty, the inevitable lack of precision in projections of relatively small age groups suggests the need for close monitoring of population changes year by year. There may well be scope for incorporating such uncertainties into the capitation formula, perhaps along the lines recently suggested for dealing with similar problems in funding local authorities.2
